Background: Preoperative serum tumor markers have been widely used to predict prognosis in stage II and III colorectal cancer (CRC). However, few previous studies addressed the effect of increased preoperative numbers of tumor markers. Methods: Patients with stage II and III CRC who underwent curative resection were included from January 2009 to October 2015. The relationship between serum tumor markers and clinicopathological parameters was analyzed. DFS and OS were compared in stage II and III CRC. Results: The median follow-up was 45 months. In this study, 735 enrolled patients were assessed based on the numbers of increased tumor markers. We found that these increased tumor markers were closely associated with clinical stage, T stage, N stage, tumor location, pathology type, differentiation, lymphatic invasion and vascular invasion (all p values < 0.05). Furthermore, the number of increased tumor markers directly affected the survival of patients with CRC after curative surgery. The 3-year DFS and OS of patients with a score of 0 were 84.0% and 91.0%, respectively, which are much higher than those of patients with a score of 4 (42.9% and 37.8%, respectively) (p < 0.05). The 5-year DFS and OS of patients with a score of 0 were 75.9% and 77.9%, respectively, which are much higher than those of patients with a score of 4 (31.7% and 23.6%, respectively). Interestingly, our results suggested that stage III CRC patients with a score of 0 had longer DFS and OS times than stage II patients with scores of 3 and 4. Further analysis revealed statistically significant differences in OS (p < 0.05) but not in DFS. Conclusions: The number of increased tumor markers could significantly predict prognosis in stage II and III CRC. In addition, these increased tumor markers had direct impacts on metastasis as well as the recurrence status and survival time of stage II and III CRC patients.
Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors with the third highest morbidity rate and the second highest mortality rate among males and females combined in the United States 1 . In China, CRC is the fifth most commonly diagnosed tumor, and the mortality rate of CRC has increased in recent years due to changes in lifestyle 2, 3 . Despite great advances in surgery and drug therapy, the five-year relative survival rate is only 65%, ranging from 90% to 14% in different stages 4 . The prognosis of CRC is affected by many factors, such as the quality of surgery, patients' compliance, and adjuvant therapy. After curative surgery, postoperative pathological reports are usually the main references to predict the prognosis. In addition, preoperative serum tumor markers are classic and important components with referenced value.
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The detection of preoperative tumor markers is widely used in clinical practice because of its great convenience and acceptability. Serum carcinoembryonic antigen (CEA) has always been at a core position as a reliable tumor marker in CRC, which is recommended by the NCCN guidelines as a prognostic and monitoring indicator. CEA is an acid glycoprotein involved in cell recognition and cell adhesion and is secreted by solid tumors. The level of preoperative CEA influences the prognosis of multiple tumors, such as gastric cancer, lung cancer and CRC 5, 6, 7 . Furthermore, CEA levels are correlated with the metastasis and recurrence of CRC after curative surgery 8, 9 . CA19-9 can be elevated in digestive system tumors. For CRC, the preoperative increased level of CA19-9 predicts poor survival of CRC, and postoperative CA19-9 is a valuable prognostic index for monitoring lung and liver metastasis 10, 11, 12 . CA125 is shown to be expressed in ovarian cancer and gynecological diseases 13 . Furthermore, CA125 is also an independent factor for the prognosis of CRC 14 . CA242 has high specificity and sensitivity in CRC. CA242 is expressed independently of CEA, and the combination of CEA and CA242 has more sensitivity in CRC than either alone 15 .
Overall, many studies have confirmed the significance of serum tumor markers in the prognosis of CRC. However, few studies have focused on the elevated numbers of preoperative serum tumor markers in CRC. Therefore, in this study, the relation between preoperative tumor markers and clinicopathological characteristics was analyzed. We also investigated the effect of increased numbers of tumor markers on the prognosis of stage II and III CRC. 
Materials and Methods

Patients
Data collection and outcome definition
The clinical characteristics of the patients, including gender, age, tumor location and pathological reports, were obtained from electronic patient records and the departmental database. Pathological stage was assessed according to the 8th AJCC criterion for CRC. The results of four preoperative tumor markers (CEA, CA125, CA19-9 and CA242) were collected from biochemistry reports of the Laboratory Medicine Department, and no patients received any adjuvant radiotherapy or chemotherapy before these four tumor markers were determined. The upper normal limits of CEA, CA125, CA19-9 and CA242 were 5 ng/ml, 15 U/ml, 27 U/ml and 15 U/ml, respectively. If the values of these tumor markers were above the upper limit, they were considered positive. To analyze the effect of the numbers of increased preoperative tumor markers on the prognosis of stage II and III CRC, the weight of each marker was first evaluated. Subsequently, the patients were scored as 0, 1, 2, 3 and 4 according to the positive numbers of tumor markers; thus, there were five groups in this study.
Follow-up
All patients were followed up according to current guidelines, including blood laboratory testing, physical examination, colonoscopy, chest X-ray and CT (or MRI). The deadline for follow-up was October 31, 2017. Survival status and metastasis status were updated by telephone, email and medical history. Disease-free survival (DFS) was defined as the time from surgery to tumor metastasis or recurrence. Overall survival (OS) was defined as the time from surgery to death.
Statistical analysis
We first summarized the patients' basic information and then analyzed the factors affecting positive tumor markers. Then, the relationship between each group (different scores) and the clinical pathological indicators was tested, and we studied the survival differences among groups. Furthermore, we separately examined the survival differences among different groups with stage II and III CRC.
All data in this study were analyzed by IBM SPSS STATISTICS 22.0 software. Statistical methods mainly used the Pearson chi-square test (minimum theoretical frequency ≥ 5), continuous correction chi-square test (5>minimum theoretical frequency ≥ 1), Fisher's exact probability method (minimum theoretical frequency < 1) and rank sum test. Survival times, including 3-and 5-year survival rates, were assessed by the Kaplan-Meier method, and the log-rank test was used to compare the differences in survival rates among groups. Cox regression was used to detect the effect of various indicators on the prognosis of stage II and III colorectal cancer. P values were two-sided, with statistically significant differences at p < 0.05.
Results
A total of 735 patients who underwent curative resection for stage II and III CRC with complete clinical and follow-up data were enrolled in our study. 346 Patients who met our exclusion criteria were excluded (Figure 1) .
The patients in this study included 446 males (60.7%) and 289 females (39.3%). The median age was 66 years, ranging from 27 to 90. There were 403 patients (54.8%) older than 65, which was slightly higher than those younger than 65 years. A total of 428 patients (58.2%) were in clinicopathological stage II, while stage III accounted for 41.8%. A total of 716 patients had T3 (22.2%) and T4 (75.2%) primary tumors, while T1 and T2 (2.6% plus) tumors were less frequent. N0 was found in 428 patients (58.2%), and 307 patients (41.8%) had lymph node metastasis, with 176 N1 patients (23.9%) and 131 N2 patients (17.8%). In these cases, 461 patients (62.7%) had colon cancer, including 235 with right colon cancer (32.0%) and 226 with left colon cancer (30.7%), and 274 patients (37.3%) had rectal cancer. According to the pathological report, 689 patients (93.7%) had adenocarcinoma and signet ring cell carcinoma, and mucous adenocarcinoma occurred only in 46 cases (6.3%). A total of 435 carcinoma tissues (59.2%) were well or moderately differentiated, while the other 300 tissues (40.8%) were poorly differentiated. According to our data, perineural infiltration in stage II and III CRC tissues was more likely to occur, and 700 cases (95.2%) were observed. Furthermore, lymphatic invasion was found in 439 patients (59.7%), and vascular invasion was caught in 102 patients (13.9%). By the end of our follow-up time, 222 patients (30.2%) had recurrence or metastasis, and 235 patients (32%) had died (Table 1) .
Then, the correlation between preoperative serum tumor markers and clinical and pathological parameters was analyzed. The Chi-square test results showed that the elevation of CEA was associated with clinical stage, T stage (tumor, the depth of primary tumor infiltration), N stage (lymph node, the number and extent of lymph node metastasis), tumor location and lymphatic invasion (all p values < 0.05; Table 2 ). In contrast, there was no significant difference in gender, age, pathology type, differentiation, vascular invasion or perineural invasion (p>0.05; Table 2 ). Our results also found that preoperative serum CA125 expression was significantly different in terms of T stage (T3 and T4), tumor location, pathology type and lymphatic invasion (p < 0.05; Table 2 ). However, there was no significant difference in terms of gender, age, clinical stage, N stage, differentiation, vascular invasion or perineural invasion (p>0.05; Table 2 ). Similar to CEA, the level of CA19-9 had statistical significance with clinical stage, N stage, pathology type, differentiation, lymphatic invasion and vascular invasion (p < 0.05; Table 2 ). However, no significant difference was obtained in terms of gender, age, T stage, tumor location and perineural invasion (p>0.05; Table 2 ). Furthermore, the increase in CA242 was related to clinical stage, N stage, tumor location, pathology type, differentiation and vascular invasion (p < 0.05; Table 2 ), while there was no significant difference in terms of gender, age, T stage, lymphatic invasion or perineural invasion (p>0.05; Table 2 ). In addition, the preoperative elevation of CEA, CA199 and CA242 was associated with metastasis and recurrence as well as poor survival status in stage II and III CRC (p < 0.05; Table 2 ). Interestingly, the increase in CA125 predicted poor survival status (p < 0.05; Table 2 ) rather than metastasis and recurrence (p>0.05; Table 2 ).
Our univariate analysis results indicated that clinical stage, N stage, pathological type, tumor differentiation, lymphatic invasion, vascular invasion and serum tumor markers (CEA, CA125, CA19-9, CA242) were prognostic factors of disease-free survival (DFS) and overall survival (OS). However, gender, age, T stage, tumor location and perineural invasion had no significance for DFS and OS. Multivariate analysis found that CA242 was independent prognostic factor for both DFS (HR=1.641, 95%CI, 1.178-2.286, p=0.003; Table 3 ) and OS (HR=2.003, 95%CI, 1.471-2.728, p=0.000; Table 3) , and CA125 was independent prognostic factor for OS (HR=1.846, 95%CI, 1.416-2.406, p=0.000; Table 3 ) but not DFS (HR=1.303, 95%CI, 0.983-1.726, p=0.066; Table 3 ).
To verify the weight of each serum tumor marker on the prognosis of stage II and III CRC, we analyzed the differences among these increased tumor markers according to DFS and OS. The results showed no significant difference among these tumor markers between DFS (p=0.053; Figure 2A ) and OS (p=0.23; Figure 2B ), which meant that the weight difference of these tumor markers was narrow. Therefore, these 735 patients were scored on a scale of 0 to 4 (five groups) based on the number of preoperative increased tumor markers (if none/anyone/ any two/ any three/all among the 4 markers increased, the score is 0/1/2/3/4 respectively). Then, the association between different scores and clinicopathologic variables was revealed. We found that different scores were closely related to clinical stage, T stage, N stage, tumor location, pathology type, differentiation, lymphatic invasion and vascular invasion (all p values < 0.05; Table 4 ). There was no significant difference in gender, age, T3/T4, or perineural invasion (p>0.05; Table 4 ). In addition, these different scores significantly affected metastasis as well as the recurrence status and survival status (p < 0.05; Table 4 ). To further clarify which groups had differences, we selected the clinicopathologic variables with p values less than 0.05 for a subgroup analysis. As shown in Table 5 , there was a pairwise comparison between different scores and variables (Table 5) . To assess the effects of different scores on the prognosis of stage II and III CRC, Kaplan-Meier survival curves were performed according to our follow-up data. The results showed that patients with high scores had poor DFS and OS; additionally, the higher the score was, the poorer the survival. The 3-year and 5-year DFS for scores 0-4 ranged from 84.0% and 75.9% to 42.9% and 31.7% (p<0.001; Figure  3A ). For OS, the 3-year and 5-year rates for scores 0-4 decreased from 91.0% and 77.9% to 37.8% and 23.6% (p<0.001; Figure 3D ). Subgroup analysis showed that the survival results of patients with stage II or III CRC also matched this finding. In stage II, the 3-year and 5-year DFS decreased from 88.6% and 80.4% to 53.8% (score=4) and 55.6% (score=3) (p=0.002; Figure 3B ). The 3-year and 5-year OS for patients with a score of 0 were 93.3% and 83.4%, respectively, which were much higher than the values for those with a score of 4 (52.7% and 42.2%, respectively, p<0.001; Figure 3E ). In stage III, this trend was more pronounced. The 3-year and 5-year DFS ranged from 75.2% and 67.4% to 33.3% and 11.1% (p<0.001; Figure 3C ). For OS, the rates obviously decreased from 86.6% and 67.8% to 25.7% and 8.6% (p<0.001; Figure 3F ). Mean survival time was also demonstrated for patients with different scores of stage II and III CRC. The overall mean DFS was 85.402 months, and the mean OS was 86.208 months for stage II patients. For stage III patients, the mean DFS was 65.997 months, and the mean OS was 65.769 months. In general, the overall DFS was 77.608 months, and the overall OS was 77.8 months for these 735 patients. Interestingly, we found that stage III patients with low scores had a better prognosis than stage II patients with high scores (Table 6 ). To verify whether there was a statistically significant difference between them, we performed a statistical analysis of DFS and OS. The results showed that stage III CRC patients with a score of 0 had a longer DFS and OS than stage II patients with scores of 3 and 4, and there was a statistically significant difference in OS (p < 0.05; Figure 4B ) but not in DFS (p>0.05; Figure 4A ). 
Discussion
Preoperative serum tumor markers have long been used as prognostic indicators of CRC. Recently, the role of serum tumor markers has been underestimated due to more predictive indicators, especially the application of genetic testing. Serum tumor markers have often been used as references for the efficacy of postoperative chemotherapy. CEA is the most important serum tumor marker in the prognosis and therapeutic effect of CRC according to current guidelines 16, 17 . Nevertheless, other serum tumor markers also have significant implications for the prognosis of CRC. Several studies have found that combined detection of multiple tumor markers can improve the early detection of pancreatic cancer 18 and colorectal cancer 10 .
In our study, 735 patients with stage II and III CRC were enrolled and analyzed based on their clinicopathological and follow-up data. We demonstrated the association between tumor markers and clinicopathological parameters, which was consistent with the findings of a previous study 19 . Further, patients were scored according to the number of preoperatively increased tumor markers. We also clarified the relationship between groups with different scores and clinicopathologic variables and confirmed that the higher the score was, the worse the survival. More importantly, we observed that patients with stage II with scores of 3 and 4 had shorter overall survival times than those with stage III with a score of 0, and this difference was statistically significant. Many studies have focused on serum tumor markers in stages I to III CRC. Jung et al. analyzed 472 CRC patients and found that preoperative CEA was an independent prognostic factor with regard to CSS and DFS, and CA 19-9 also had prognostic value for CSS and DFS 20 . Another study that enrolled 237 patients found that CEA predicted OS (HR 2.50, 95% CI 1.17-5.36, P = 0.02) and DFS (HR 1.78, 95% CI 1.02-3.13, P = 0.04) 7 . Similar to our study, Gao et al. analyzed the relationship between serum tumor markers (including CEA, CA19-9, CA72-4 and CA125) and clinicopathologic factors and suggested that the combination of multiple preoperative tumor markers could improve the early diagnosis and treatment of CRC 21 . Additionally, Ning et al. found that the combined detection of serum tumor markers was useful not only in the diagnosis of CRC but also in gastric cancer 22 . A study from Japan and the United States focused on preoperative and postoperative CEA levels, and the results suggested that elevated postoperative CEA (hazard ratio, 2.0; 95% CI, 1.1-3.5) had a shorter RFS than normalized postoperative CEA (HR, 0.77; 95% CI, 0.45-1.30) 23 . Another innovative study demonstrated that the preoperative CEA cut-off point should be 2.35 ng/mL in stage I and II colon cancer 24 . In recent years, many studies have begun to explore the significance of postoperative tumor markers. A Japanese study suggested that the combination of post-CEA and post-CA 19-9 after R0 resection in stage IV CRC could predict the risk of recurrence 25 . Moreover, Araujo RL et al. showed that postoperative CEA ≥ 15 ng/ml strongly indicated recurrence after resection for colorectal liver metastases 26 . It can be seen that serum tumor markers are of great value in predicting the prognosis of CRC, and we still need to mine more data and conduct more research to show their value.
Nevertheless, few studies had been involved in the survival of patients with stage II and III CRC who were scored based on an increased number of serum tumor markers. As is known, according to the results of current large clinical trials 27, 28 , there are still many controversial points in the subsequent treatment of stage II and III CRC after curative resection. Our study found that stage III patients with low scores had longer DFS and OS times than stage II patients with high scores, which surprised us. Based on pathological reports, postoperative radiotherapy and chemotherapy may have defective aspects. Should we refer to the preoperative serum tumor markers when we give postoperative chemotherapy to stage II patients? In other words, should all stage III patients require whole-course chemotherapy? At the same time, our research has some shortcomings. This is a single-center retrospective case study with a limited number of cases included. In addition, the few numbers of patients with scores of 4 in the study restricted our study of these patients.
Despite some new findings from our study, it is important to note that tumor markers cannot replace the pathological criteria or the role of imaging examinations in the follow-up of CRC. However, as a supplement, serum tumor markers should be given more attention. We will further explore the significance of preoperative and postoperative tumor markers and use serum tumor markers to detect the metastasis or recurrence of CRC as soon as possible.
In conclusion, preoperative serum tumor markers are related to the prognosis of stage II and III CRC, and the number of increased tumor markers is closely related to the DFS and OS of CRC patients.
